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Now with IBM Corp.>fagnctic Recording Institute 



4549 



Ahttrmet 



trads 



'^^iTlSf'Sll'XiS^t^ the flux leekegepeth to the ^ocem 

SSStediTeeS^^ « -ronrtr ^ by the 

Jit JllSll of »•»« Mine heKl MO 
fqpon witB the keepered media and the playback Saa 

flux fiom a gf^en magn^ 
tranwton will be shunted ly the keeper lj?er bS!^ 
^JSZ^*^^*^ j?'*'" l>«««biiity path; thus no flux 
reaches the head and no playback ofttereooftled siffl^ 
can occur. — 

w: *• ./it ^ «so>» when an appropriate 

bus f kU (bias not equal to 0) is created in thehead core 
"?fI»?«»|L«tw« current thrwi^ the head winding. The 
remftiiig flux from the physical gap of the headunirates 

pn^ieabuty of the saturated zone n appraxinuteiy eoua] 
to ur while the adjacent unsaturated r^ons are idati^ely 
h^ permeability. In effect the saturated zone defines a 
^Jtual gap ui the keeper with a high rehietanoe path to 
the Signal fha. 



d B tk« ocpartmttttri date. 

THEORY QFOPfrn^-pnitf 



F«. 1 ahoM a schematic r^icsentatioa of the 
sysiem aad ito banc oomponent parts: a laminated 
"^85?* ™^ * i«cofd/n»rod«c« head, a rccofd 
amphfier. n reproduce amplifier, and a DC bias current 
source which is appbed to the head in the reproduce 
mode. T*c reoordmg media is composed of a sul^ 
layer, a huh coeiavity storage layer and a thin low 
werwity, high permcabifitjr, overlaying^laycr which will 
be referred to it the keeper layer. The keeper layer 
material IS a NI-Fe alloy (e^pcrmaOcy). 

Fk. 2a shows a detail of the aap region of the 
frying head with a conventional recordmg media without 
the keeper layer. In the playback mode, a portion of the 
signal flux (indicated by the dashed lines) from a given 
magnetic transition links to the flux path esuMished by 
the magnetic head core. The remamder of the fhax & 
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Fig. 2b. Mitfoeiic rocorddia medts with keeper Uytt 
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keeper layer (biMoo). 



repoiK. Since the unsaturated keepeT^OM 

magnitude Of the bias fhix tequired to 

mAgneuc charactenstics and thscknett of thi 

SnSr'SSflS^r the b«sl!Er;^i,3 tolStuSS 
we layer and form the vinua gap is less than the 
Am remiwd to undesirably aher the ^^:Sd2d in 

tf^^V • *'»n> ttturation transitien 

to faofatate well defined boundaries betwe«rtS 

Mturaied zone and adjacent wn«t«wS7egS»^ 

the record mode, the magnitude of the record 

current required to optimize the hiSt coerchoS l^fe 
much larger than the vahie requireTto k«Sate tS tow 
eoerefvny keeper, thus the keeper n rendered traw»«rent 

J*SSf*""*'. Jf^'"^ «P««5r away 

from the storajje layer bythe thickness of thelceeper pha 

Ir 3^ ]!^\ ^» •<*<»«tionaI spacing dwmg 
recordmg will sKghtly degrade the ,y«Ti?rJ^xoldinf 
performance. * 

Another possible configuration of the keepered 
recording media » to place the keeper layer underthe 
high eoeroviqr layer. The advantages of this approach is 
that the record s|)adng k>ss is not degraded by the 
presence of a keeper, while maintaining the enhanced 
reproduce mopenies of a keepered disc. 

White fig. 1 utilizes a DC bias to establish the 
saturated zone in the kemer. the bias can be established 
^•«^^«y«- ^ example, a pemanent magnet can be 
empknred to mteract with the magnetic core of the head 
and effect the localized saturation of the keeper layer 
need^ to form the virtual gap. An AC cunent source 
may be emptoyed as well. The AC current source 



necessary to an AC ^11^ "» ""'V be 
generatS sign^ from bI£'J?,fZ5^"? unwanted W 
circuitiy. ""pled n>io the reproduce 

scalar nSr^S^f ^'""''"ion* conducted usina a 

used to coS^ti^h!S:^';S&1Sll^:^ 

parameters were assumS: ^W^j^ 'S**^* 
micrometers, gapfength « ol<muJrZ^ . 
Aicknes. » 0&*^micSS«en.°-^TS^ afe' 

»rreTSe-a2S^^ 

p3y^£tFm:S^^ 

%r^:s^;emio«hS^^ 

a twoKiunemioaal transouswoo taeand 

with a characteristic rthmnS^to^t^Hf^'ST^^ 



Keeper 
Termination 



(MT/d)l/2 



Where: n » Permeability. 

r« Keeper thicfaiess. 
d « Flying height 



The grid is enended into the gap by one unit bekMv th« 
'""^^ it ifterminatedTn aSS^ 
potential drop rq>resenting the deep gap fieW White the 
reUtnre coarse and tocafued ^ iSd To^me 
{J»«H«cy. the model appear, wcSSretli SsSSJ 
behavior of the reproduce process. cwnnai 
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Ftg. 3. Ohntrmilfig finite dtf fereooe modcitiim. 
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• pmnatK (Imr bnscuntaO). 

Fig. 4 shows th* field M the oeater of the 
medimn «, the DC he^ cum^^ 
"^J^^^^^ v«y Kttle of the ft^^ficH 

ine Keeper first beoones saturated at the center of the 

field above the gap moeaaes rapidly awl eiteaSftrtto 
from the gtt. At greater diitlmoa from^teSi^SS 

At. much larger ewnau, a« might be 

JJ^te^Aat •odd e«« hi the aba^iSrSX 

. »n«II-«gnal r e c y ru dty is used to nuM the 

2^ SStoS^JS'Sc'm^ 

typkaOy teen much doser to the head gapii 

In ordw to verify the reeiproo^T principle in this 

StpbcatkM aa iwlatMl magneticSkvge'isni^ alc^ 
e oenterboe of the niediuia and its effect on the tout 
^ entenna the pole face is examined. The derivative of 
2?" ""SiS??* *° poMtion of the charge maps 
out the lensitivlw function of the he«L Because miiyt£e 
half space n modelled, there is by implication an i^iage 
charge being scanned in the opposite direction. For tfis 
reason the sensitivity function thus derived is hahed in 
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SRj*^ ^.Tahowstheresuhsofthisprooeduieat* 
bias current oTIObia. These lesuhs aie SmSaL^! 

numerical sceurMy H was neeosan io 
maeasethe flux sottw.to one thirf 

?£j'SiS?S IWT. TTiia does have an dynanie^xt m 
the width of the saturated zone and taidsto bto iS 
Ae^corner c;^t in the Knaithrity function d^^ 
^* " aenshiviiy functicm 

5 namerical maccuricies in tiS 
model Moat signdicMtly. however, both contoun have 
mu^ h«hw resohmon than the normal sensitivitv 
fiutction at ths dstanoe from the head (also shown). 

.^."i'J Fourier ttaaaforai of the 

•enMiwgr functions plotted in fk. is; The 
bandwdth/reaohition of the rqnoduce function is 
•trongly dependent on the biascuiToit used. 

This modeling confirmed several of the 
phenomena observed emeritnentaqy. At veiy low bias 
Cfflmenta the toper remains highly permeahte and t^ 
little measurable output At nMcrste bias cuneats a 
narrow saturated regMS appean in the toper and the 
fdayback icspoase exhibits reduced spa^g loss and 
shotted jap nuD. Sisnificaat increases in short, 
wavelength ou^ are wdicated. The gap mxlfanoves to 
kmger wavelength* as As bias current mcieascs. At 
higher currents typical of writing, the keqper becomes 
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heavlb' Mtumed in the legba of the en Tli« 
from tteuSe^S2J5^ ™" •ubmnti^iy «fte«d 

MEDIA PBFPAP 
««.K«jn" l«miii«ted media was prepand b» . 

k«?P» magnetic film. The hSh 
The iputteniig parameters are ihown muhte 



SDb/tgtdteDoe*. 



TuvetdtaflMcr*. 
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*^ 5. E-H loop for 4 ,1^ (Oa M«t) ttrick penntlfc^ 
EXPERIMFNTAT ffF^^ff.Tyj 
varubU^LS^'^^^ 2^^? "^^^ developed 
i«ng white bgbt iiterfeiomttiy SSSiw tS^SS? 

^ ^t '^^*^ * sundird thiee rail 

compoMte Winchester tiyle ditc head. The disc 
sfMittered with e 18 micrMkch (0 07 /un.) thick keeoer 
layer on om side onty* Thii tOowedT a contrK 
compAnson between stdefl with and without a keeoer 
dimngteiii. Tabk 2 gives the specTicatfens of theism 
tod media used f<K these experiments. 
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(015 ssgist; ttes^SiKS^ 

« to diw •peed of SMimn A^-f?f7'P??<*** 
Higher fffi'lS^S&'S^de^iSfS)^^ 

lie shown m ^. ip. The BuftTia both nmMB«»2 
to » vBtna] neprodnoe g«p ka^ of i2bo«»4 



mietomd|c(0.73ym V.. 35J««i^S*2(0A4S«iifoJ 
""Wf** «««c It a .ho .eea tlii tC'SiSS 
cwlprtof the ipeetra whh the keeper ■ 1^2 dBimwr 

c^fnoicKa between the flying head M^tbBkeeS^Thf 
thud feature of thi» ^^^ikV^^^iSmS^}^ 

sW^^of^OTJi^alSS^ 
•ignificantdiffeaiccsthkmaybeMiarSitt.^ 

11 show the pievkNtaly mtnmA data 




T»Me Z. Head ud locdt^ cbAncterteks- 
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GAP 



9 KFci lee 

Fift. It.OtplQMoamctedipearifQrkeepeitdaiidttflkccpcicdd^ 



When the dtta is further corrected for thjcknctf losses 
the ilope of the dita can be used to derive a number 
ooTTe^nding to the n^roduce flying height phu an 
effective reccmkd tranmion width. Using the known 
recordmg paiametm a record tranahioa width may be 
calculated using the WOKams-ComstDck modeVl] with 
the f oikxving fcbtionsh^: 



'2(M^ig(d + g/2))l« 



Where: 



a s Recorded transition length. 
MfSs Remenenl magnetization of media. 
Hq- Remenent ooerdvity of media, 
g « Media storage layer thicknesa. 
d ^laciBg between head and storage layer. 

Note Ihnt the spacing parameter d for the keepered disc » 
larger due to this particular implemenutiont which has 
the keeper layer on top (rf die stora^ l^er. Placing the 
keeper layer under the storage laver may work equally 
well in playtssck and avoid the adoitional ipacing dorinff 
recording* 9y using the measured total spadiig Im ana 
subtracting the caloulaTed transition width a value far the 
effective rq>roducemactng can be attained. Table 3 ewes 
the resohs of both the measured and cafcuwted 
parameters for both discs. 

It is seen that the resulting effective re^oduce 
spacing for the unkeepered disc is very dose to the 
measurement based on interf erometry, but the keepeied 
disc's effective pacing is actually sliglitly active! This 
negative spacing tmptiea either a tolerance buildup in the 
measurements or that an additional unidentified effea is 
occurring which decreases the effective spectra sk>pe. 





Unkeeporeddisk 
0*-i°-/>mL) 


Keepered disk 


Meatured a'*'^ 


15J15/<U76 




McasQzedd 


d/ai5 




Calculated a 




10.45/0.261 


Effectived 


6.19/ai5S 





T«bk 1 Meaaund and calaitated ^ftdiisi. 



CONCLUSIQNS 

A novel means of reducii^ if not eKminatinff, the 
reproduce spadna loss and an effective reduction m the 
W.'K^J^'* <*f • head has been 

Subjects for further invesbgation include: 

1. Optimization cf keeper thickncv and 
magnetics for best signal response. 

2. Characterization of possi'bie no»e and 
distortion from use of tnas and keeper 
layer. 

3. E3q>lore use of keeper as underiayer. 

4. Study keeper use on vertical media. 

It is f eh that keepered disc systems m^ hokl the promise 
of si gn i fi cantly increasing recording densities without the 
rehabtlity penalties of decreased flyrag heights. 
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